In this study, polymer composites comprised of shavings of SBS paperboard coated with polyethylene terephthalate (PET) and recycled low-density polyethylene (LDPE) were obtained. The tensile properties, flexural strength, impact resistance and water absorption were determined according to the standards published by the American Society for Testing and Materials (ASTM). The results show that the composites with the highest concentration of LDPE were more resistant to absorption when exposed to water and humidity. As regards density, a 19.5% increase of this property was verified for the 30% cellulosic fiber reinforced composite relative to the pure LDPE density. In relation to the mechanical properties, these samples were found to be very flexible in the elasticity test. The extrusion method provided adequate adhesion between the interfaces of the matrix with the fiber. The composite showed a tensile strength of approximately 55% larger than that originated by pressing. However, the values for the tensile, flexural and impact strength were lower than expected due to the lack of homogeneity of the SBS paperboard shavings.
INTRODUCTION
The intensification of urbanization in recent years, boosted by population growth and the rural exodus has led to changes in production processes in the industrial sector. Every year industrial production increases, since the population growth is a continuous and unlimited process [1] . This is accompanied by technological developments, aimed at improving the quality of life of this new society, which is characterized by consumerism [2] . This has led to major changes in the environment, through the increased consumption of natural resources, and in our lifestyle, including the transformation of eating habits, with the consequent generation of various types of waste [3, 4] . Food production is one of the main causes of negative environmental impacts [5] . In addition, current eating habits have led to changes in the quality of the human diet and the quantity of products that are available to the consumer, leading to an increase in the consumption of ready-made foods, even considering that home-made food items have a lower cost and a less negative impact on the environment [6] . Some of the main factors that influence patterns of consumption are increased income, demand, urbanization and globalization [7] . These factors have driven consumers to prioritize greater convenience in food preparation, which has boosted the development of semi-finished products and ready-made food, through rapid heating [8] . These food products are mostly packaged in polyethylene terephthalate (PET) and covered with SBS paperboard, the composition of which is 90% cellulose and 10% PET [9] . The production of this packaging generates a high quantity of chips (40 tons per month), which are considered as solid waste, with a negative impact on the environment, through global warming, the depletion of fossil fuels and toxicity toward humans [10] .
Global concern over environmental, human and oil resources has led to the development of new alternatives to address these problems. Composites have arisen as a promising alternative for the use of recycled polymers, allowing improvements in the physical and mechanical properties of products obtained with these polymers [11] . Many conventional raw materials (such as polymers, ceramics and metal alloys) are not compatible with new technologies due to their particular characteristics. However, surprising results can be achieved with the use of composites in manufacturing technologies [12] . Composites are obtained by combining two or more materials that are insoluble in each other, to form a useful engineering material with certain properties that are not provided by the individual materials [13] .
The use of cellulose fiber composites as a reinforcing filler for thermoplastic polymers has attracted great interest [14, 15] . These reinforcements enhance the mechanical, chemical or electromagnetic properties of the composites. Another type of raw material that is generated as waste and can be used in the production of composites is low-density polyethylene (LDPE). According to Coutinho et al. [16] , LDPE has a combination of useful properties, such as toughness, high impact strength, high flexibility, good processability, stability and high water resistance. These properties are important for the definition of the use of the composites as well as the methods through which they can be produced.
The aim of this study was to produce composites, applying two methods (pressing and extrusion methods), with an LDPE matrix in different proportions by weight (90, 80 and 70%), reinforced with PET-SBS paperboard (APPET). After their production, the composites were characterized in terms of the moisture content, water resistance, and tensile, flexural and impact strengths. Both materials are waste from the packaging industry, so the use of these was intended to promote their decrease in controlled landfills. The expected contribution from this study is wide, especially the knowledge generated that enables the development of new materials that lead to the reduction of environmental liabilities.
MATERIALS AND METHODS
The composites were obtained applying two methods. The results of each analysis were interpreted with the aid of statistical treatment using the analysis of variance (ANOVA) and the Tukey test (5% probability). Thus, for the tables representing the results (Tables 2-7) it was determined that the same letter in a column indicates no significant difference between values (p> 0.05).
Origin of residues and preparation of composites by pressing method
In this study, the waste materials were PET-coated SBS paperboard (APPET) and LDPE provided by a publishing company in Blumenau, Santa Catarina State, Brazil. Initially, the residues were crushed in a Willye mill (model TE-650). The particle size was determined using a Malvern Mastersizer analyzer (model 2000). The samples were weighed on a Marte digital scale (model AD2000) and then subjected to manual homogenization. The mixture was manually distributed uniformly in an aluminum mold of 130 x 130 x 5 mm and covered with a 200 x 200 mm plate to avoid direct contact with the heat of the press plates. Three compositions were obtained: 90% LDPE and 10% APPET; 80% LDPE and 20% APPET and 70% LDPE and 30% APPET. The mixtures were pressed at 180 °C with 12 tons of pressure for 10 min using a Marconi press (model 098 MA/AR15).
Preparation of composites by extrusion method
The residues used in this procedure were the same as those used in the pressing method. The APPET was pounded in a Willye slicer (model TE-650) to homogenize the pellets. The LDPE and APPET were blended followed by the extrusion of the mixture, which had a composition of 90% LDPE and 10% APPET. The equipment used was manufactured by KIE Machinery and Plastics Ltda. (model EK 100; 007x05 series, thread 120 mm, LD 28 and 75 hp). The temperature conditions are shown in Table 1 . 
WATER TEMPERATURE: 25°C
With the pellets obtained by extrusion, the molded composite was pressed applying the pressing method described above.
Characterization
For each composite obtained, the moisture content was determined, in triplicate, according to the standard method ASTM D570 [17] . Samples of each composition were weighed on a Shimadzu analytical balance (model AUY220) and conditioned in an oven at 50°C for 24 h. The absorption of water (in percentage terms) was assessed based on the difference in weight after immersion in distilled water (23 °C), for 2 and 24 h, as described in standard method [17] . The density was determined by the water displacement method, immersing a sample of known weight in water for 2 min. The density was calculated as the ratio between the initial mass of the sample and the volume of water displaced, according to the standard method ASTM D1622 [18] . Tensile tests were carried out on each sample specimen using a universal testing machine (EMIC, DL 30,000) according to ASTM D638 [19] . Three samples of each composite were tested. Tests were conducted at a crosshead speed of 5 mm min -1 with a load cell of 10,000 N. Three-point flexural tests were conducted according to ASTM D790 [20] on universal testing machine (EMIC, DL 30,000) with a load cell of 10,000 N and a speed of 21.13 mm min-1. The procedure of the impact resistance test was performed according to ASTM D256 [21] in a EMIC pendulum machine of 2.7 J. Test specimens were prepared with approximately 10 mm thickness and 79 mm length.
RESULTS

Moisture content, density and water absorption
Composites with an LDPE matrix were obtained in different mass proportions, with APPET as a reinforcement in proportions of 10, 20 and 30%. , and vary as a function of the amount of APPET used. This is because the PET-coated SBS paperboard has 85 % of cellulose pulp in its composition, as soon the percentage increase of APPET favors the absorption of moisture, a fact that also occurs for the extruded material. The moisture content of the pressed material was much higher than that of the extruded material and these results also show a significant difference (p = 0.000028). A possible explanation for this finding is that during the processing of the composites in the extruder there was a greater dispersion of the load compared with the manual processing. Lignocellulosic fibers are hydrophilic materials due to the presence of hydroxyl groups in their structure [22, 23, 24] and thus exhibit poor resistance to moisture. The availability of hydroxyl groups produces regions in which water adsorption occurs. Therefore, a layer with several molecules of water will be formed around the surface of the fibers. As a result of the entry of water, the cell wall of these fibers undergoes distancing, resulting in the expansion of the material [23, 25] . For this reason, moisture becomes a factor that can directly reflect on the mechanical and energetic properties of the composite material reinforced with lignocellulosic fibers [26] . Due of hygroscopicity, the natural fibers may decrease the mechanical strength of the composite material relative to the strength of the material composing the matrix. Hygroscopicity also reduces the calorific value of the composite material due to evaporation of water at the start of combustion [23, 24] . Thus, the low moisture content of the lignocellulosic fibers decreases the size variation. This can improve the interaction between the matrix and the reinforcing material, avoiding variation in the size of the fibers of the composite material during the loss (decrease) or natural gain (increase) of ambient moisture content. Marinho et al. [27] evaluated the moisture content of polyurethane (PU) composites reinforced with 10, 15 and 20% of bamboo fibers and obtained an average value of 9.2%. The results reported are lower (8.9% less, on average) compared with the moisture content of the APPET/LDPE samples (obtained applying the two methods studied). This could be because the bamboo underwent thermal degradation at 90 °C at the time of pressing and contains constituents with a high affinity for water [27, 28] .
The composite density results varied between 0.86 and 1.10 g.cm -3 , presenting a significant difference (p = 0.00), and the values increased with the concentration of APPET (Table 3 ). This can be attributed to the amount of cellulosic fiber present in the composites, that is, the higher the percentage of cellulose fibers (APPET) the higher the density will be. A study by Caraschi et al. [29] on the production and characterization of polypropylene containing composites reinforced with elephant grass fibers showed no significant difference between the density of pure polypropylene and the composite reinforced with 15% fibers (0.88 g.cm -3 ). However, when the elephant grass fiber reinforcement was 25%, the composite density increased significantly to 0.91 g.cm -3 , indicating that the increase in the percentage of cellulosic fibers causes density to increase [29] . The same phenomenon can be explained by the effect of the filling load on the density of the palm tree reinforced polyester composites [15] . In the study by Nabinejad et al. [15] the results showed that the density of the composites increased gradually as the filling content increased. The increase in density was due to the fact that the palm tree density value is 1.47 g.cm -3 compared to 1.22 g.cm -3 of the pure polyester resin. This also occurs with poly (L-lactic acid) matrix composites reinforced by sawdust. Composites containing 40% sawdust showed 7% increase in density compared to pure poly (L lactic acid) [30] . This fact was expected because the density of wood sawdust (1.72 g.cm-3) was higher than that of poly (L-lactic acid) (1.25 g.cm-3) [30] . The opposite trend was observed for composites of LDPE-Al reinforced with 10, 20 and 30% of fiberglass studied by Hidalgo-Salazar et al. [31] . The density of the composites decreased as the amount of fibers in the material increased, obtaining a mean density of 1.06 g.cm -3 . This could be due to the formation of an interface between the composite phases [31] . The mentioned studies allow the understanding that the density of the lignocellulosic composites is related to the proportion of the fibrous reinforcements. As it also concerns the difference between the density values of the material making up the matrix and the reinforcement. In relation to the density values for the specimens obtained applying the two methods studied, a significant difference can be observed (p = 0.00162) between the extruded and compressed samples. Since the samples obtained by the pressing method were mixed manually, this difference could be due to a lack of homogeneity of the particles used to obtain the composite. Yang et al. [12] noted that this lack of homogeneity is one of the difficulties associated with preparing composites. However, the results are similar to those reported by Coutinho et al. [16] , who studied the properties of polyethylene and obtained a density of 0.92 g.cm -3 for LDPE. Table 4 shows the water content after 2 h of immersion in water for the different percentages of the composites pressed. Evaluating this result, it was observed that the lack of homogeneity, due to the mixture being performed manually, promoted significant differences (p = 0.039) in terms of water absorption. Even with the lack of homogeneity, the opposite result was obtained after 24 h of immersion in water, and the differences in the values were not significant (p = 0.67). This can be attributed to the fact that the sample becomes saturated with water, due to the affinity of APPET for water. The greater the amount of cellulose (with a polar nature) present the greater the sample affinity for water will be.
Ligowski et al. [32] studied the properties of composites of high density polyethylene and polystyrene reinforced with sugarcane bagasse in the proportions of 30 and 50%. The absorption tests showed that the higher proportion of fiber increases the water absorption in the composites. This is expected due to the hygroscopic characteristics of the lignocellulosic fibers of sugarcane bagasse [32] . This phenomenon can also be observed in composites of poly (L-lactic acid) reinforced with wood residues [30] , in which the water ab-sorption of pure poly (L-lactic acid) was lower than the absorption in the composites. Sawdust exerted a great influence on the water absorption rate of the composites due to their high hydrophilicity [30] . The same happened for composites with orthophthalic polyester resin matrix reinforced with medium-density fiberboard (MDF) residues [33] . In these composites, the water absorption indices were approximately 2.0, 4.3 and 4.7% respectively for 10, 15 and 20% reinforcement content.
The results for the extruded materials (Table 4) , after both 2 h and 24 h, showed no significant differences with variations in the percentage of APPET (p = 0.649), and the absorption in both cases was 0.04%. This could be because the samples contain only 10% of APPET and the LDPE has no affinity with water, that is, the higher the amount of polymer the lower the water absorption of the specimen will be. In general, composites formed by polymer matrix and reinforced by lignocellulosic fibers absorb small amount of water if they are produced in such a way that the reinforcement component is fully encapsulated by the polymer [34] . Therefore, the water absorption of the composite obtained in this study were APPET sufficiently well encapsulated by the LDPE, since water absorption by the composite index was low. However, another factor influencing this result is that the APPET did not completely melt in the extruder, i.e., the pellets, and consequently the plates, were not completely homogeneous. Because of this, some samples may contain 10% or less of APPET. Table 5 shows the mean tensile strength values for the specimens tested. It can be observed that the addition of APPET to LDPE decreases the rupture resistance and the elasticity, indicating less transfer of stress from the matrix to the reinforcement. The decrease in the tensile strength and elasticity values of the composites studied in this work, due to the increase in the content of APPET, can be explained, in part, to the hydrophobic behavior of the LDPE. The opposite is observed with the lignocellulosic fibers, which show hydrophilic behavior, resulting in low interfacial adhesion between the polymer phase and the fibrous phase [29] . According to Garcia et al. [35] , a lack of adequate compatibility between the fibers and the matrix leads to insufficient interfacial adhesion, which affects the mechanical properties. For deformation, it is important to increase its percentage in relation to the intensification of APPET content, since this parameter is inversely proportional to the modulus of elasticity [29] . On comparing the rupture strength results for the specimens obtained with the two methods (pressing and extruding) a significant difference is observed (p = 0.00). Similarly, the deformation results for the specimens showed a significant difference (p = 0.035). In contrast, the elasticity results did not show a significant difference (p = 0.11). Khoffi et al. [36] studied composites of PET and copper filaments and obtained an elasticity of 64.19%, a value very similar to those obtained in this study. On analyzing the results for the specimens obtained only from the pressing method, there were no significant differences for the resistance to fracture, elasticity and deformation (p = 0.11, 0.72 and 0.21, respectively). In the study by Bittencourt et al. [30] , sawdust reinforced poly (L -lactic acid) composites also showed a decrease in tensile strength as the percentage of residue incorporated in the sample increased. The same occurred for deformation. However, the elasticity had a significant increase with the increase of the sawdust concentration [30] . A similar behavior occurred in the study by Gomes et al. [33] where the mechanical tensile strength of MDF-reinforced polyester resin composites was analyzed. The MDF residues in the composite did not function as a reinforcement, but as a filler, since it reduces tensile strength and deformation when its content in the sample is increased [33] . 
Tensile test
Flexural test
The results for the flexural modulus and the deformation of the samples are given in Table 6 . On analyzing the results for the bending stress, it can be observed that the values increase with the content of APPET present in the composite, but there was no significant difference (p = 0.42). Redighieri and Costa [37] analyzed the same thermoplastic composites, but the samples contained 40, 50 and 60% of eucalyptus particles. The authors observed an increase in the flexural modulus according to the content of these particles (3.173, 3.989 and 3.528 MPa, respectively). However, Feldman and Barbalata [38] reported that the flexural stress of LDPE is in the range of 415 to 795 MPa, that is, the composites lost flexibility due to the presence of APPET. However, it is seen that the flexural modulus of the constituents has an important effect on the flexural modulus of the final compound. Therefore, how bigger the modulus of the reinforcing constituents, can be expected to increase of the flexural modulus [34] . The slight decrease in the flexural stress of the composite with 20% of APPET is possibly influenced by the composition of the blends. An increase in the amount of APPET particles could lead to a decrease in the homogenization of the matrix and the dispersed phase, leading to a decrease in the mechanical properties of this material when a compatibilization agent is not present [37] . The work of Ligowski et al. [32] also showed an increase in flexural strength for high-density polyethylene (HDPE) and polystyrene (PS) composites in relation to the increase of sugarcane fiber content in the composition, with a better stress distribution. For the HDPE matrix, the flexural strength values were 39 and 45 MPa, while for the PS matrix, these values became 33 and 38 MPa, considering the reinforcement contents of 30 and 50%, respectively, for both composites [32] . This same relationship occurred in the study of Nabinejad et al. [15] , whose polyester composite reinforced with 9% by mass of palm fiber showed 16% larger flexural strength when compared to pure polyester. The results for the deformation and the elasticity of the samples obtained by the pressing method did not show significant differences (p = 0.87 and 0.55, respectively). Similarly, on comparing the samples obtained with the two methods (pressing and extrusion), there was no significant difference in terms of the flexural strength (p = 0.31) and elasticity (p = 0.39), but for the deformation there was a significant difference (p = 0.00).
Regarding the modulus of elasticity, although it does not present significant difference, its increase is perceptible in relation to the increase of the percentage of APPET in the samples. In the study by Jesus et al. [24] , the same was obtained for recycled PS composites reinforced with cellulose from sugarcane bagasse in proportions of 10 and 20% by mass, whose elasticity increase was 18 and 30%, respectively, compared to recycled PS. The flexural modulus and the modulus of elasticity are magnitudes directly proportional, since the higher the value for elasticity larger the effort to be made to deform a material [24] . Thus, it is possible that the results obtained for flexural strength and modulus of elasticity indicate an appropriate transfer of stress from the LDPE matrix to the reinforcement of APPET. Table 7 shows the results obtained in the Izod impact test. The results for the impact resistance showed linearity with the proportion of APPET in the samples, but there was no significant difference between the values (p = 0.85). This could be related to the thermomechanical degradation of the APPET fibers [39] . Another factor contributing to this result is the lack of homogeneity of the samples due to the manual mixing in the preparation of the composites. Santos et al. [40] noted that the presence of fibers can decrease the energy absorbed by composites and create regions of concentrated stress, leading to lower energy results in the impact tests. Soucy et al. [41] studied composites of high-density polyethylene reinforced with 20, 30 and 40% pulp from the paper industry and obtained an average value of 155.83 J.m -1
Impact resistance test
. It was observed a reduction of the impact energy as the reinforcement mass increased. In the study by Gomes et al. [22] , composites formed by HDPE reinforced with 10% of banana fiber showed a 247% improvement in impact resistance properties compared to pure HDPE. However, the percentage decreases with the increase of fibers in the composite, with a reduction of 20% in relation to the pure polymer when 40% reinforcement is added in the composite [22] .
In this study with APPET, another explanation for the decrease of the modulus of impact resistance in relation to the increase of fiber concentration in the composite is the low affinity between the matrix and the reinforcement. This is due to the hydrophilic character of the cellulose in the APPET, reducing adhesion with the LDPE matrix [22, 29] . Mirmehdi et al. [34] carried out a study with the objective was to evaluate the influence of the amount and aspect of the lignocellulosic reinforcement on the mechanical properties of LDPE matrix composites. It was verified that the shape and size of the lignocellulosic fibers consist of the main factors of the decrease of the impact resistance of composites with larger amount of reinforcement. When the impact force is applied to the composite, the stress concentration causes sample to rupture in the interface area between the reinforcement and the die. Therefore, the reinforcement of longer fibers can withstand larger impact forces [34] .
On evaluating the results for the impact resistance of samples obtained applying the two methods, the values were very close and did not present a significant difference (p = 0.93). This finding is of interest since in this research recycled materials were used without compatibilization agents and future research should include a chemical analysis of the material. 
CONCLUSIONS
In this work, matrix composites of LDPE residues were obtained with addition of residues of SBS paperboard with PET, in the mass proportions of 10, 20 and 30 %, by means of two techniques: pressing and extrusion. These composites were submitted to moisture, water absorption, density, tensile, flexural and impact assay, in order to investigate the physical and mechanical characteristics of the composite. Analyzing the mean values of moisture content and water absorption for the composite samples obtained by the pressing method, a significant increase of these values is verified in accordance with the increase of APPET in the composite. However, such values for both moisture and water absorption were very low. As regards density, there was a gradual increase according to the addition of reinforcing material (fibers). The density of the 30% APPET reinforced composite was 19.5% higher compared to the pure LDPE density.
As for the mechanical properties, tensile assay showed a tendency to decrease the tensile strength and elasticity modulus according to the increase of fibers in the composite, even if the values did not have significant differences. For the composites with 10% reinforcement of APPET of both techniques studied, it was verified that the composite obtained by extrusion presents tensile strength of approximately 55% greater than that originated by the pressing. This allows concluding that the extrusion method provided better adhesion between the matrix interface and the fiber. For the flexural and impact assays, the comparison between the composites reinforced with 10% of APPET obtained by the pressing method resulted in a higher resistance than that obtained by the extrusion method.
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